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Research paper 
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A B S T R A C T   

Study objective: To examine first-time depression, anxiety, stress disorders or psychotropic drug prescriptions 
within one year after incident heart failure (HF). 
Design: Nationwide Epidemiological registry study. 
Setting: National patient registries. 
Participants: Patients in Denmark with a first-time HF diagnosis during 2005–2015. 
Interventions: None. 
Main outcome measures: Incidences of depression, anxiety, stress disorders or first-time prescription of a psy
chotropic drug were determined. 
Results: A total of 94,712 HF patients and 473,560 matched controls were included (median age 74.0 [64.0–81.0] 
years, 60.8 % males). At one year after incident HF, 11.9 % met the primary composite endpoint (depression, 
anxiety, or stress disorders or prescription of related psychotropic drugs), with 8.6 % outpatients and 13.3 % in- 
patients, versus 2.4 % of the controls. Starting psychotropic medication accounted for most of the composite 
endpoint events, as 11.6 % of the HF patients started antidepressants, anxiolytics, hypnotics, or sedative drugs 
(2.4 % among controls), while 0.6 % received a registered diagnosis of depression, anxiety, or stress disorder 
(<0.1 % among controls). The relative risk of psychotropic drug prescriptions in HF patients versus controls 
(standardized to the age, sex, and selected comorbidity distributions of all included subjects) was 3.85 [95 % CI 
3.73–3.98]. The corresponding relative risk for one of the psychiatric diagnoses was 12.90 [95 % CI 
10.60–15.19]. 
Conclusion: A substantial part of patients with newly diagnose heart failure started treatment with psychotropic 
drugs whereas only a small fraction was registered with depression, anxiety, or stress disorders within one-year 
follow-up. The incidences were significantly higher than in the background population.   

1. Introduction 

Clinically significant depression has previously been found in 21–29 
% of patients with heart failure (HF) in two meta-analyses and the 
prevalence has remained stable over the last decade [1–3]. Depression is 
associated with increased mortality and hospital readmission in patients 

with HF and this association seems not to depend on the traditional risk 
factors such as deteriorated cardiac function and age [4–6]. A recent 
study found an association between self-reported anxiety symptoms as 
well as depressive symptoms and all-cause or cardiovascular mortality 
in patients with HF [7]. A graded association between depressive 
symptoms and functional decline in HF patients has also been reported 
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and some may even develop major depression or commit suicide after 
being diagnosed with HF [1,8]. 

Recognition of depression is challenging in patients with HF and for 
this reason, the current guidelines from European Society of Cardiology 
recommend systematic screening for depression in HF patients [9,10]. 
Several studies have examined the prevalence of depression in patients 
with HF. However, in addition to a few small studies, only one single 
larger study has evaluated the incidence of depression in patients with 
HF in which incident depression/first-ever depression was significantly 
increased compared to non-HF controls [11–13]. Thus, the aim of this 
large-scale nationwide study was to determine the incidences and ab
solute and relative risks of depression, anxiety, or stress disorders or 
prescription of a psychotropic drug (as proxies for the abovementioned 
diseases) during the first year after being diagnosed with HF. 

2. Materials and methods 

2.1. Registries 

The health care system in Denmark is tax-funded and therefore, 
Danish citizens have equal access to health care. All Danish citizens have 
a unique and permanent personal identification number (CPR-number). 
This number provides a unique opportunity for accurate record linkage 
between nationwide registries on an individual level. In the present 
study, seven different Danish national registries were used as data 
sources: 1) The Danish Civil Registration System [14]; 2) The National 
Patient Register which contains data on all in-patient contacts with the 
Danish healthcare system from 1977 and onwards and since 1995 also 
data on outpatient, emergency room and psychiatric patient care [15]; 
3) The Danish National prescription Register in which individual-level data 
on all dispensed prescriptions are registered [16]; 4) The Danish Register 
of Causes of Death [17]; 5) The Psychiatric Central Research Register which 
contains registration of patients treated at psychiatric departments in 
Denmark since 1970 (outpatient contacts since 1995) [18]; 6) The 
Population Educational Register [19]; and 7) Danish registers on personal 
income and transfer payments [20]. 

2.2. Study population 

By linking data from the Danish Civil Registration Register and The 
National Patient Register, all patients in Denmark with a first-time 
diagnosis of HF (in-hospital or outpatient) from 1 January 2005 to 31 
December 2015 were identified. We defined HF according to the 10th 
and 8th revision of the International Classification of Diseases (ICD-10 
and ICD-8) (see Supplemental Table 1). Patients were excluded if they 
had a history of mental disorder. Thus, patients who had a psychiatric 
diagnosis prior to the HF diagnosis (within the last 10 years) were 
excluded. Similarly, patients were excluded if they, within the last year 
before the diagnosis of HF, had collected a prescription for antipsychotic 
drugs, antidepressants, anxiolytics, hypnotic, or sedative drugs. The 
psychiatric diagnoses were retrieved from in-hospital or outpatient 
psychiatric contacts excluding diagnoses from psychiatric emergency 
room. All ICD-10 Classification diagnoses according to mental or 
behavioural disorders were included except the codes for Mental or 
behavioural disorders due to psychotropic drugs. Details are provided in 
Supplemental Table 2 and Supplemental Table 3 according to diagnoses 
and psychotropic drugs respectively. 

To promote comparability between the HF population and the gen
eral population, risk set matching was used. Each patient with HF was 
matched 1:5 according to sex, age, and time of the HF diagnosis (year 
and month). Patients were excluded if it was impossible to achieve five 
unique matched controls. 

2.3. Study variables 

Data on age, sex, and status of living alone was retrieved from the 

Danish Civil Personal Registrations Registry. Data on pre-existing co
morbidity was retrieved from the Danish National Patient Register. 
However, for diabetes, chronic obstructive pulmonary disease (COPD) 
and hypertension, data was also retrieved from the Danish National 
Prescription Register using drugs as proxies for these diseases. See 
Supplemental Table 4 for details on the ICD-10 - and ATC codes that 
were used. Income data (registered in the last year before inclusion) and 
data on the highest achieved educational level were attained from the 
Danish registers on personal income and transfer payments and the 
Population Educational Register, respectively. The Danish educational 
levels are converted to the International Standard Classification of Edu
cation (ISCED) from 2011, which classifies educational levels from 0 to 8 
[21]. 

2.4. Outcomes 

Using ICD-10 codes from in-hospital and outpatient psychiatric 
contacts, incident depression, anxiety, or stress disorders during the first 
year after the diagnosis of HF was analysed. By means of the Danish 
National Prescription Register, we identified the proportion of patients 
who had started collecting a prescription of antidepressants, anxiolytics, 
hypnotics, or other sedative drugs during the first year after the HF 
diagnosis. See Supplemental Table 5 for details about ICD - and ATC 
codes that were used. We have defined a primary composite endpoint. A 
patient or a control met the primary composite endpoint if they have 
achieved at least one of the above-mentioned psychiatric diagnoses or 
have collected a prescription of at least one of the above-mentioned 
medications. Secondary outcomes were the composite of the above- 
mentioned diagnoses and medications separately. 

2.5. Statistics 

Continuous variables are reported as median and 25–75 % percen
tiles, and categorical variables as counts and percentages. Cumulative 
incidences are reported using the Aalen-Johansen estimator. Multivar
iable Cox regression average treatment effect modelling was used to 
derive absolute and relative risks of outcomes standardized to the age, 
sex, and selected comorbidity distributions of all included subjects. The 
selected comorbidities used for standardization included previous 
myocardial infarction, ischemic heart disease, diabetes, hypertension, 
stroke, peripheral artery disease, chronic kidney disease and chronic 
obstructive pulmonary disease. In additional analyses, highest educa
tion level as well as living alone status were added as covariates. A two- 
sided p-value <0.05 was considered statistically significant. All analyses 
were performed using SAS (version 9.4, SAS Institute, Cary, NC, USA) 
and R statistical software (version 3.6.1). 

2.6. Ethics 

In Denmark, register-based studies conducted for the sole purpose of 
statistics and scientific research do not require ethical approval or 
informed consent by law. However, the present study is approved by the 
data responsible institute (The Capital Region of Denmark (Approval 
number: P-2019-191) in accordance with the General Data Protection 
Regulation (GDPR). 

3. Results 

3.1. Study population 

During 2005–2015, 125,824 patients with a first-time diagnosis of 
HF were identified. A total of 7926 patients were excluded due to a pre- 
existing psychiatric diagnosis and 14,606 patients were excluded due to 
usage of anxiolytics, antipsychotic -, hypnotic -, antidepressant -, or 
other sedative drugs prior to the HF diagnosis. Additional 8580 patients 
were excluded due to inability to find matched controls. Thus, the final 
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study population comprised 94,712 patients with HF and 473,560 
controls (Fig. 1). Demographics are presented in Table 1. The median 
age was 74.0 [IQR 64.0, 81.0] years and 60.8 % were males. Level of 
income and education were lower among the patients with HF and a 
larger percentage of patients with HF lived alone when compared to 
controls (45.3 % vs 34.7 %). 

3.2. Outcomes 

Crude one-year outcomes are presented in Table 2, and Fig. 2 shows 
the cumulative incidence of the composite endpoint for patients with HF 
and controls. During the first year after the HF diagnosis, 11.9 % of the 
patients met the primary composite endpoint (achieved one of the 
psychiatric diagnoses or started collecting prescriptions for psychotropic 
medication), while was the case for 2.4 % of the controls. Dividing the 
patients in those who were diagnosed with HF during hospitalisation 
and those diagnosed in out-patient clinic settings we found that the 
incidence of the composite endpoint was lower in the out-patient group 
but was still significantly higher compared to the control group, with 
8.6 % of outpatients, 13.3 % of in-patients and 2.4 % of controls (Fig. 3). 

3.3. Psychotropic drug outcomes 

A total of 11.6 % of the patients with HF collected prescriptions of at 
least one of the outlined medications during one-year follow-up: Anti
depressants (4.8 %), anxiolytics (3.0 %), hypnotics (5.0 %) or other 
sedative drugs (0.7 %). Among the controls, 2.4 % collected pre
scriptions of at least one of the abovementioned drugs, and the respec
tive numbers were 1.1 %, 0.7 %, 1.0 %, and 0.1 %. The absolute risk of 
collecting one of the above outlined medications during follow-up 
standardized to the age, sex and selected comorbidity distributions of 
all included subjects was 9.8 % [95 % CI 9.6–10.0] for patients with HF 
versus 2.5 % [95 % CI 2.5–2.6] for controls. The corresponding relative 
risk was 3.85 [95 % CI 3.73–3.98]. When additionally standardizing for 

the distributions of highest achieved educational level as well as living 
alone status, the corresponding absolute risks were 8.3 % [95 % CI 
8.2–8.5] versus 2.7 % [95 % CI 2.6–2.7], with a relative risk of 3.14 [95 
% CI 3.05–3.23]. 

Fig. 1. Patient selection.  

Table 1 
Characteristics of the HF patients and their matched controls.   

HF patients 
(n = 94,712) 

Controls 
(n = 473,560) 

Age in years, median [iqr] 74.0 [64.0, 81.0] 74.0 [64.0, 81.0] 
Male gender, n (%) 57,575 (60.8) 287,875 (60.8) 
Living alone, n (%) 42,325 (45.3) 116,306 (34.7) 
Data missing, n 1254 138,491 
Household income, median [iqr]a 38,284 40,700 

[28,176-56,201] [28,076-66,340] 
Data missing, n 711 112,292 

Individual income, median [iqr] 226,300 237,327 
[182,273-320,713] [174,035-365,305] 

Data missing, n 711 112,292 
Educational level: n (%)   

ISCED 0–2 40,490 (48.5) 126,875 (41.7) 
ISCED 3 30,827 (37.0) 115,765 (38.1) 
ISCED 5–6 8951 (10.7) 45,643 (15.0) 
ISCED 7–8 3138 (3.8) 15,898 (5.2) 
Data missing, n 11,306 169,379 

Comorbidity: n (%)   
Acute myocardial infarction 12,916 (13.6) 9628 (2.0) 
Ischemic heart disease 30,096 (31.8) 29,053 (6.1) 
Diabetes 14,298 (15.1) 16,887 (3.6) 
Hypertension 56,876 (60.1) 121,665 (25.7) 
Stroke 10,088 (10.7) 14,293 (3.0) 
Peripheral artery disease 8849 (9.3) 8506 (1.8) 
Chronic kidney disease 5189 (5.5) 3975 (0.8) 
COPD 12,223 (12.9) 10,372 (2.2)  

a Euro. 
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3.4. Psychiatric diagnosis outcomes 

Among the patients with HF, 0.6 % received at least one of the 
outlined diagnoses during the first year after the HF diagnosis: depres
sion (0.3 %), anxiety (0.1 %) or stress disorder (0.3 %). Among the 
controls, the corresponding numbers were significantly lower (overall 
<0.1 %). The absolute risk of being diagnosed with one of the outlined 
diagnoses during follow-up standardized to the age, sex and selected 
comorbidity distributions of all included subjects was 0.6 % [95 % CI 
0.5–0.6] for patients with HF versus <0.1 % [95 % CI 0.0–0.1] for 
controls, corresponding to a relative risk of 12.90 [95 % CI 
10.60–15.19]. When additionally standardizing for the distributions of 
highest achieved educational level as well as living alone status, the 
corresponding absolute risks were 0.5 % [95 % CI 0.4–0.5] versus <0.1 
% [95 % CI 0.0–0.1], and a relative risk of 10.1 [95 % CI 8.26–11.89]. 

4. Discussion 

In this nationwide register-based study of 94,712 patients with a 
first-time diagnosis of HF, nearly 12 % received either a registered 
diagnosis of depression, anxiety or stress disorders or started treatment 
with antidepressants, anxiolytics, hypnotics, or other sedative drugs 
during the first year of follow-up. This number was around five-fold 
higher compared to age- sex matched controls. Starting psychotropic 
medication accounted for most of this composite endpoint. The inci
dence of the composite endpoint was significantly higher among both 
patients diagnosed with HF during hospitalisation than in outpatient 
settings relative to controls. The current study supplements data from 
another nationwide study that looked at major depression and suicide 
among patients with newly diagnosed heart failure [1]. Previously, 
small prospective cohort studies had found that 21–22 % of patients had 
significant depression symptoms at a 1-year follow-up in HF patients 
without depression at discharge from a HF hospitalisation [12,13]. 
Moreover, Lossnitzer et al. found symptoms of depression (minor and 
major) in 12.9 % of the cases at 1-year follow-up in HF patients without 
any signs of mood disorders at baseline [12]. 

In the present study, we tried to expand the perspective by looking 
both at development of depression but also anxiety or stress disorders as 
well as the medical treatment during the first year immediately after a 
diagnosis of heart failure. By using hospital-based registries to identify 
outcomes, we will miss some patients that had developed depression, 
anxiety, or stress disorders. Patients who are diagnosed solely by their 
general practitioner, or not diagnosed at all, will not be included, unless 
they were prescribed one of the included psychotropic drugs. We assume 
that it is primarily patients with milder degrees of these conditions that 
we have missed. This might explain why we found a lower incidence 
compared to what were reported from the abovementioned clinical 
studies, where questionnaires were used to evaluate depressive symp
toms [12]. On the other hand, we also acknowledge that psychotropic 
medications are often prescribed to patients who do not have a relevant 
psychiatric diagnosis. This could be patients with distress, mild anxiety 
or sleep disorders that need sedatives for a period. They will appear in 
the registries as medicated but probably only having a transient need for 
psychotropic medication. 

In the present study, patients with a prior diagnosis of depression, 
anxiety, or stress disorder within the last ten years prior to the HF 
diagnosis or prior use of psychotropic drugs within the last year were 
excluded from the study. This might also explain the lower outcome 

Table 2 
Development of depression, anxiety and stress disorder in HF patients and their 
matched controls during the first year after the HF diagnosis.   

HF-patients 
(n =
94,712) 

Controls 
(n =
473,560) 

p-Value 

Depression (ICD-10)a 305 (0.3) 156 (<0.1)  <0.0001 
Anxiety (ICD-10a 56 (0.1) 14 (<0.1)  <0.0001 
Stress disorder (ICD-10)a 238 (0.3) 66 (<0.1)  <0.0001 
Antidepressantsa 4592 (4.8) 5076 (1.1)  <0.0001 
Anxiolyticsa 2816 (3.0) 3266 (0.7)  <0.0001 
Hypnoticsa 4748 (5.0) 4819 (1.0)  <0.0001 
Other sedative drugsa 701 (0.7) 390 (0.1)  <0.0001 
Primary composite endpointb 11,279 

(11.9) 
11,569 (2.4)  <0.0001 

Composite of any of the 
abovementioned diagnoses 

525 (0.6) 209 (<0.1)  <0.0001 

Composite of any of the 
abovementioned drugs 

11,004 
(11.6) 

11.525 (2.4)  <0.0001 

Deathc 17,291 
(18.3) 

8694 (1.8)  <0.0001 

Data are expressed as numbers (%). 
a Cumulative incidence (Aalen-Johansen estimates). 
b Development of either depression, anxiety or stress disorder or started with 

antidepressants, anxiolytics, hypnotics, or other sedative drugs. 
c Kaplan-Meier. 

Fig. 2. One-year cumulative incidence of composite endpoint in HF patients 
versus age- and sex-matched controls. Composite endpoint: a first-time regis
tered diagnosis of depression, anxiety, or stress disorder or first-time prescrip
tion of related psychotropic drugs. 

Fig. 3. One-year cumulative incidence of composite endpoint in HF patients 
divided by whether the HF diagnosis was made in an in- or outpatient clinic 
versus age- and sex-matched controls. Composite endpoint: a first-time regis
tered diagnosis of depression, anxiety, or stress disorder or first-time prescrip
tion of related psychotropic drugs. 
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incidence in the present study, compared to other studies, since earlier 
depressive episodes are a known risk factor for recurrent depression 
both in HF patients and in elderly community subjects [12,22,23]. In the 
present study we were only interested in incident and not recurrent 
depression. 

Dividing the HF patients in two subgroups (outpatients vs. hospi
talized patients with first-time HF) documented that the incidence of the 
composite endpoint (HF patients vs controls) was not solely driven by 
the hospital admission per se. The cumulative incidence among the 
patients diagnosed with HF in outpatient clinics was much higher 
compared to controls. However, the incidence was even higher in pa
tients diagnosed with HF during hospitalisation. This finding is probably 
well explained by the fact that the last group generally represents pa
tients with more severe HF. However, we cannot exclude that detection/ 
surveillance bias to some extent may be responsible for the difference 
between the two subgroups. But the rise of the curves separates from 
around day 10 to around the 4th month after the HF diagnosis, where 
most of the patients have been discharged for a long time. 

A recent national cohort study also found a substantial number of 
patients with major depression and many suicides following a HF 
diagnosis [1]. So, to discover and handle these conditions, clinicians and 
HF specialist need be aware of the high incidence of mental problems 
that may lead to major depression and suicides in patients with HF 
[1,10,11]. This task is multidisciplinary and includes normal caretaking 
combined with screening questionnaires or clinical interviews [24]. The 
question is when the screening should be done to avoid under or over
diagnosis of mental issues in heart failure patients [24,25]. 

Moreover, there does not seem to be an easy cure for anxiety and 
depressive symptoms in these patients. The SADHART CHF study did not 
find a cardiovascular or psychiatric benefit from treatment with ser
traline a many study participants withdrew from the study due to side 
effects [26]. The same can be said about escitalopram [27]. Despite this, 
around 5 % of newly diagnosed heart failure patients were treated with 
an antidepressant during the first year after being diagnosed. The way 
forward may be non-pharmacologic and should include self- 
management patient education, physical exercises, and telehealth pro
grams [28,29]. However, heart failure specialists need to be aware that 
self-care systems may not apply for all [29]. 

4.1. Limitations 

The present study has some limitations. As previously mentioned, we 
are not able to capture all patients with milder degrees of depression, 
anxiety, and stress disorders with the present study design. On the other 
hand, the register-based setup gives us a unique opportunity to accom
plish a largescale, nationwide study with negligible “loss to follow up”. 
Furthermore, Kümler et al. demonstrated that the diagnosis of HF in the 
Danish National Patient Register holds a high a specificity (99 %) [30]. 
Thus, using the register enables accurate identification of patients with 
clinical HF as done in the present study. 

Unfortunately, data according to income, level of education and 
status of living alone was missing for a not negligible percentage of the 
study population - especially among the controls. Thus, we performed 
analyses both with and without socioeconomic factors in the standard
ized average treatment effect multivariable Cox regression models. Re
sults without the inclusion of socioeconomic factors were comparable to 
results including these factors. 

5. Conclusion 

Nearly 12 % of the patients with incident HF started treatment with 
psychotropic medication or received a registered first-time diagnosis 
with depression, anxiety, or stress disorder during the first year after 
being diagnosed with HF. This was around five-fold higher compared to 
the background population. Clinicians and HF specialist should be aware 
of this issue to detect and handle these conditions in the best way. 
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ATC Anatomical Therapeutic Chemical 
COPD chronic obstructive pulmonary disease 
HF heart failure 
HR hazard ratio 
ICD-8 8th revision of the International Classification of Diseases 
ICD-10 10th revision of the International Classification of Diseases 
ISCED International Standard Classification of Education 
NYHA New York Heart association 
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